OPTIMIZATION OF GC-MS PARAMETERS FOR THE HOP ESSENTIAL OIL ANALYIS by Socaci, Sonia
 49 
OPTIMIZATION OF GC-MS PARAMETERS FOR THE HOP 
ESSENTIAL OIL ANALYIS 
 
Socaci Sonia Ancuţa, Carmen Socaciu, Maria Tofană, Sevastiţa Muste, Elena 
Mudura 
Universitatea de Ştiinţe Agricole şi Medicină Veterinară, Facultatea de Agricultură, Calea 
Mănăştur, nr. 3-5, 400372 Cluj-Napoca, Romania, tel. 0264-596384, e-mail: 
soniasocaci@gmail.com 
 
Key words: Humulus lupulus L.; essential oil; gas cromatography-mass spectrometry (GC-MS) 
analysis 
Abstract: The present study includes researches regarding the composition of hop essential oil. 
The essential oil was extracted from the plant material using the hydrodistillation technique. The 
analyses of the composition of hop essential oil were carried out by using a GC-MS system. The 
chemical constituents of the essential oil were separated and identified using the GC-MS NIST 
libraries. 
 
Introduction 
Hops (Humulus lupulus L.) became a widely grown agricultural plant 
because of its use  to give bitterness and aroma to beer. The quality of the beer 
depends also on the hops variety used in the process. As each hop variety has a 
typical essential oil pattern, recent studies showed that hop oil analyses are used for 
identification of hop varieties and determination of aroma properties. Dry hops 
contains 0,5-2% essential oil. The routine method for the extraction of hop essential 
oil is steam distillation (M. Kovacevic şi Milica Kac, 2001). This method requires 
50-100 g of sample and 3-4 h of distillation. The hop essential oil consist mainly of 
terpene hydrocarbons and their oxidation products. The hop essential oil can be 
analyzed by gas chromatography, the most important constituents being myrcene 
(monoterpene) and α-humulene and β-cariophyllene (sesquiterpene), which together 
represent about 80-90% of the total (M. Kovacevic şi Milica Kac, 2001). Recent 
studies that analyzed hop essential oil by modern techniques (GC-O, GCxGC, 
GCxGC-TOFMS ) reported that 485 compounds were identified in the composition 
of hop essential oil (G. Eyres şi col., 2007). 
The aim of the present study is the optimization of GC-MS parameters for 
the determination of hop essential oil, variety Huller Bitterer. 
 
 
Material and method 
The researches were carried out in the Food Quality and Safety Testing 
Laboratory (FQSTL) from the University of Agricultural Science and Veterinary 
Medicine, Cluj-Napoca. 
Plant material. The plant material used in our study consisted from hop 
cones from Huller Bitterer variety. The moisture content for the dry hop cones 
was 9.47% 
Essential oil extraction. The essential oil was extracted by hidrodistillation as 
follows: 50g of grinded dried cones and 700 ml distilled water were placed in 
the distillation flask. The distillation time was 3,5 hours since the distillation 
begins. At the end of extraction the obtained essential oil was collected in a vial 
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and measured (0.83 ml). After extraction the essential oil was stored in 
refrigerator until chemical analysis. A 4%, 2%, 1% and 0.5% essential oil in 
hexane solutions were prepared in order to be analyzed by GC-MS. 
Chemical analysis. The essential oil was analyzed by GC-MS. The analyses were 
carried out on a Shimadzu GCMS QP-2010 model gas chromatograph – mass 
spectrometer equipped with an AOC-20i series autosampler. Uleiul volatil de hamei 
a fost analizat cu ajutorul unui gaz-cromatograf cuplat cu spectrometru de masă 
Schimadzu, model QP-2010, echipat cu un autosampler AOC-20i series. 
Column: AT-5, 30m x 0.25mm x 0.25µm (Alltech, USA). GC temperature programe: 
60.0oC (3 min) to 150.0oC (5 min) at 1oC/min. Injector temperature: 250.0oC. Injection 
volume: 1.0µL. Split ratio: 1:50, respectively 1:30, depending on the concentration of 
the essential oil sample. Carrier gas: helium. Detector: MS, ion source temperature: 
250.0oC. Interface temperature: 250.0oC. MS mode: EI. Scan range: 50-200 m/z. 
 
Results and discussions  
The optimal concentration of the essential oil sample for GC-MS injection 
was 0,5% in hexane. The solution of 4%, 2% and 1% essential oil in hexane were to 
concentrated, leading to a fast saturation of the mass detector. The split ratio used in 
the essential oil analyses  was 1:30. 
The obtained chromatograms for the hop essential oil are presented in fugure 
1 and 2. The separeted constituents of the hop essential oil were identified by 
comparing the obtained mass spectra with those from GC-MS libraries NIST147 
and NIST127. The compounds separated and identified from the hop essential oil 
and their concentration (%), are presented in table 1. The major compounds found 
in hop essential oil, variety Huller Bitterer, β –myrcene (92,84%), β- and α - 
cariophyllene (2,43% respectively 0,541) and humulene (0,19 %). As it can be 
observed from table 1, there are some compounds present in the hop essential oil 
that were separated but couldn’t be identified only by the comparison with the mass 
spectra libraries. 
 
Figure 1. GC-MS chromatogram of hop essential oil, variety Huller Bitterer.  
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Figure 2. Part of GC-MS chromatogram of hop essential oil, variety Huller Bitterer 
(time interval: 8-64 min.). 
 
Table 1.  
The hop essential oil compounds separated and identified by GC-MS analysis. 
Nr. 
Crt. Compus 
Timp de 
retenţie m/z 
Aria 
picului 
Concentraţia 
(%) 
1. RT: 7,517 7,517 57 27657 0,262 
2. Beta-pinene 7,649 93 94150 0,890 
3. Beta-myrcene 8,381 93 9816131 92,838 
4. RT: 9,642 9,642 71 107949 1,021 
5. Heptanoic acid, methyl ester 10,077 74 24445 0,231 
6. 3-Carene 10,159 93 45853 0,434 
7. RT: 13,908 13,908 74 9113 0,086 
8. RT: 14,633 14,640 93 11121 0,105 
9. Alfa -cariophyllene 39,560 93 57167 0,541 
10. Beta -cariophyllene 42,337 93 257264 2,433 
11. RT:44,490 44,490 161 17796 0,168 
12. Alfa-guaiene 44,996 93 15282 0,145 
13. Humulene – (v1) 45,782 93 20102 0,190 
14. RT:47,408 47,430 161 12573 0,119 
15. Alfa-cubebene 48,364 161 20267 0,192 
16. RT: 48,917 48,925 105 11808 0,112 
17. (-)-alfa-panasinsen 49,420 161 17372 0,164 
18. RT: 50,558 50,558 121 7345 0,069 
 
Conclusions 
 The optimal concentration for the essential oil sample for the GC-MS 
analysis was found to be 0,5% in hexane, and a split ratio of 1:30. For a better 
separation of the hop essential oil compounds, a further optimization of the method 
is needed, especially for the temperature program of the chromatographic column, 
but also of the extraction method.  
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